Taxotere (docetaxel) inhibits Plasmodiumfalciparum erythrocytic development in vitro at nanomolar concentrations, both In chloroqulne-sensitive (F32/Tanzania) and chloroquine-resistant (FcBl/Colombia, FcR3/Gambia) strains. The dose-response assays performed on asynchronous cultures during 42 hr showed clear biphasic curves with a plateau from 50 pM to 10 nM and a single sigmoid curve with a concentration inhibiting 50% of growth (IC50) 
Malaria, the major tropical disease, concerns more than 250 million people. Plasmodiumfalciparum, the causative agent of the most severe form of malaria, possesses numerous geographical isolates that exhibit resistance to the quinolinecontaining antimalarial drugs (chloroquine and quinine) (1) . In the absence of efficient vaccines, additional compounds able to block one or several ofthe key step(s) ofthe parasite's life cycle are required. The erythrocytic phase of malaria is an ideal in vitro model (2) to analyze the cellular and molecular interactions between the parasite and erythrocytes (RBCs). The 48-hr erythrocytic life cycle of P. falciparum starts with complex multistep events when merozoites invade RBCs (3) . Then, the parasite is isolated into a parasitophorous vacuole. A growth period of about 30 hr gives first the ring form and then the trophozoite form. Then schizogony occurs with a DNA synthesis phase, a series of nuclear divisions, and a complex cell morphogenesis process producing [20] [21] [22] [23] [24] infective cells. The chronology of the erythrocytic schizogony (4) and its experimental induction (5) are well known, but the molecular cascades that mediate each step are poorly understood. Few studies with antimicrotubule drugs that depolymerize microtubules have focused on P. falciparum (6, 7) .
Taxol (paclitaxel), a plant-derived antitumor drug (8) , binds polymerized tubulin stoichiometrically and inhibits its depolymerization (9, 10) . The effect of Taxol on various cell functions has been reported, such as the rapid decrease of tumor necrosis factor receptors and tumor necrosis factor release in macrophages exposed to taxol (11) or the inhibition of the stimulation of cell DNA synthesis by human cytomegalovirus (12) . Taxol also inhibits the growth of Trypanosoma (13) and Physarum (14) . With regard to malaria, two ofus (14) have reported that Taxol has a significant inhibitory effect on P. falciparum growth but the cellular and molecular effects were not examined. (16) . DNA was stained with Hoechst 33258 bisbenzimide (17) .
FcB1/Colombia parasites were synchronized by the sequential combination of gelatin flotation (18) and sorbitol treatment (19) . A suspension of infected RBCs/(25% hematocrite) was mixed (vol/vol) with Plasmagel. After sedimentation x g at 370C for 30 min, the supernatant containing schizonts was centrifuged ( (Fig. 2, curve A) (Fig. 2, (Fig. 2, curve A) . Such results explain the biphasic curves obtained with asynchronous populations (Fig. 1) . The In the 5-hr pulse experiments, pulses at 0, 5, 10, and 15 hr of the erythrocytic cycle allowed the parasite to develop from the ring stage to the trophozoite and schizont stages but the schizogony was abnormal. Segmentation of the schizont was irregular giving merozoites of various sizes (Fig. 4A) and irregular schizont nuclei, as shown by Hoechst 33258 staining (Fig. 4B ), compared to normal segmented schizonts (Fig. 4 C  and D) . Moreover, when release occurred, the merozoites were not invasive.
When 5-hr pulse experiments were analyzed at 20 and 25 hr, the trophozoites were unable to undergo the first nuclear division and no schizogonic segmentation was observed (Fig.  4E ). The Hoechst staining showed an important nonsegmented nucleus (Fig. 4F) differs by a factor of at least 1000 from those observed with colchicine or nocodazole (ref. 7 and this study) or Colcemid (7) . They are in the same range as those observed with the vinca alkaloids, vinblastine and vincristine (6, 7) . In contrast to Taxotere, these latter drugs inhibit the polymerization of tubulin into microtubules and also interfere with neuronal transport resulting in pronounced neurotoxicity, which is reversible (21, 22) . Taxol derivatives inhibit the in vitro disassembly of microtubules (9, 10, 14 At the nanomolar level, Taxotere clearly inhibits schizont stages, but the effects on mitotic-spindle microtubules are not clear. The structure of the spindle formed during the P. falciparum erythrocytic schizogony is as yet poorly documented (23) , in comparison to the sporogonic (24) or exoerythrocytic (25) schizogony of Plasmodium berghei. At micromolar concentrations, the action of Taxotere on RBCs results in partial inhibition of invasion and parasite development and, furthermore, could involve specific interactions between the RBC and Taxotere. Such interactions have also been observed in human clinical trials with Taxotere (26).
The 5-hr pulse experiments with 30 ,uM Taxotere also indicate that the drug may act on other cellular targets or functions occurring before the start of DNA synthesis at hr 30 of the erythrocytic cycle (27) . For example, pulse experiments at 20 hr or 25 hr of the life cycle block the first'nuclear division giving alarge nonsegmented nucleus. With pulses at 5 hr, 10 hr. and 15 hr, schizogony is altered giving different sizes of nuclei and merozoites. The differential effects of pulses at 15-20 hr and 20-25 hr could correspond to a transition between Go phase and G1 phase, as suggested by Ginsburg (28) . As the therapeutic concentration of Taxotere (CmIU) during preclinical and phase I clinical antitumor trials (26) is 1000 times higher than the IC50 value on P.falciparum in vitro, short exposures of P. falciparum-infected RBCs to the drug are probably sufficient to block the parasite development. Thus, Taxotere and related compounds could open additional strategies for antimalarial chemotherapy.
